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The aim of this study was to develop an alternative ﬁberglass-reinforced plastic (FGRP) conﬁguration.
A hybrid composite, composed of a polyester-based matrix reinforced with ﬁberglass was conceived, in
both continuous strand (roving) and mats forms, along with an alternative hybrid ﬁller, derived from
two different types of industrial residue: from the furniture industry and from the Cocos nucifera Linneywords:
ndocarp
ocos nucifera Linn
ood residues
ybrid composite
(coconut palm) food derivative industry. The initial aimwas to determine the feasibility of using residues,
mainly of dry endocarp, without the need of prior selection, because it is more resistant and harder than
wood residues. To that end, the following tests were performed: X-ray diffraction, differential thermal
analysis (DTA), thermogravimetric analysis (TGA) and microstructural analysis of micrographic studies.
The mechanical properties of strength and stiffness were studied using tensile uniaxial and three-point
bending tests in dry and saturated moisture states. The graphics were obtained using Microsoft Oringin
6.0 software.
. Introduction
The use of residues as ﬁller in polymer composites is not new
n scientiﬁc and technological circles, but the innovation is in cre-
ting productive alternatives using various current residues to
enerate employment, income, and economic and social develop-
ent, mainly in third world countries. In this sense, the use of
ignocellulosic materials has provided a new ﬁeld of analysis and
xperimentation in recent years. Forest-based residues have not
een fully explored and their application still requires an economic
easibility study. This is the case of dry coconut endocarp, whose
roperties have not been widely discussed and about which there
re fewpublished studies. Cocos nucifera Linn, amaterial that needs
ore investigation and well deﬁned applications, considering its
haracteristics, is extremelyhard, resistant to theactionofmicroor-
anisms, lustrous and most importantly, abundant in the coastal
egions of many countries.
The use of residues from furniture and wood processing indus-
ries is necessary, given the large amount of material discarded
nto the environment as waste. The furniture and wood derivative
ndustries are suffering from a shortage of raw materials owing to
he growing demand and diminishing wood supply, Bektas et al.
2005). Wood derivatives are currently not restricted only to the
anufacture of furniture, but also to paper and cellulose, packing
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material, structural elements,metallurgy, amongothers. This prod-
uct diversiﬁcation createsmore alternatives for themarket, but also
demands a greater supply of raw material, Bektas et al. (2005).
Reinforced plastics are already consolidated in the world mar-
ket, but alternatives have been sought to combine the established
reinforced plastic market and the emerging industrial residues
markets, Castor (1985). One of these alternatives is being presented
in this study, which aims at analyzing the use of a lignocellulosic
hybrid conﬁguration composed of dry endocarp food derivatives,
in search of possible applications in industrial pipes, reservoirs and
civil construction tiles, among others.
Accordingly, a ﬁberglass-reinforced hybrid sheet was initially
manufacturedwith hybrid ﬁller formed by dry endocarp,wood and
furniture residues. The idea of studying the proposed conﬁguration
in a sheet form arises from the need of understanding the mechan-
ical behavior of the laminate interfaces (their distribution) with
the tensile uniaxial and three-point bending strengths, in addition
to determining the presence of adverse environmental conditions,
such as excessive moisture. The sheet was manufactured industri-
ally using the hand lay-up technique.
2. Materials and methods
Open access under the Elsevier OA license.2.1. The Cocos nucifera Linn endocarp
The endocarp in this study was obtained from the food indus-
try, which uses the coconut to obtain coconut milk and dry grated
coconut. Since there was no classiﬁcation of the types of coconuts
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cquired, whether dwarf, hybrid or giant, we used the fruits classi-
ed by the Agricultural Research Company of Rio Grande do Norte
EMPARN), to characterize the endocarps.
This characterization is aimed at determining if the types of dry
oconut endocarps purchased by the industry showed any differ-
nces in their physical or chemical properties or in microstructural
rder that could alter the physical andmechanical properties of the
anufactured sheet. To achieve this,we initially performed charac-
erization tests usingX-raydiffraction, differential thermal analysis
DTA), thermogravimetric analysis (TGA) and a micrographic study
f their microstructure. The DTA and TGA tests were conducted
n the 0–500 ◦C temperature range, with ambient air atmosphere
nd heating rate of 10 ◦C/min. The decision to characterize only dry
ndocarp residue is due to the fact that it ismore resistant andmore
igid, Odochian et al. (2007), than the other type of residue used in
btaining the hybrid ﬁller; that is, its possible inﬂuence would be
redominantly in the mechanical behavior of the sheet.
The endocarps used in this study were of the dwarf and giant
ype. They were cleaned; the ﬁbers were removed, placed into
aline water for ﬁfteen days and dried in ambient air, then bro-
en and ground in ring mills until the desired granulometry was
eached.
.2. Wood and furniture residue
The residuewas obtained from furniture-making andwoodpro-
essing companies. It was available to interested parties, given the
bsence of any recycling project. All the material is stockpiled,
esulting in a wide variety of residues, which are classiﬁed as pro-
essed wood derivative residues, such as MDF, HDF, and sheets of
gglomerated and structural wood, such as walnut, massaranduba
nd others.
After the residue was cleaned, it was subjected to the milling
rocess to obtain particles with desired granulometry. We used a
all mill to produce particulate materials.
.3. The hybrid sheet
The hybrid sheet is a composite hybrid in the form of reinforced
lastic. Hybridization is characterized by the presence of differ-
nt types of reinforcement. It is composed of continuous strands
roving-1100 TEX) of E-glass ﬁber and short E-glass ﬁber mats
450g/m2–5 cm). There were 2 outer layers of continuous strands,
nd 4 central layers. Orthophthalic unsaturated polyester resinwas
sed as matrix.
A hybrid mixture of wood product residues and dry coconut
ndocarp was used as ﬁller. E-glass ﬁber veil (surface mat) was
lso used as a separator between the layers of E-glass strand rein-
orcements and of hybrid ﬁller. At this point, the veil is used as a
eparator, since theﬁller cannot beplaceddirectly onto the strands,
ecause this could cause a dispersion of the residues (ﬁller) into
he layers, directly inﬂuencing their thickness. It should be pointed
ut that the function of the ﬁller layer (residues) is to increase
heet stiffness, which results in greater efﬁciencywithwell deﬁned
ayer thicknesses. The aforementioned proposed conﬁguration is of
nterest to the industry (a partner in this work) for its application
n water drainage pipes.
The sheet was industrially manufactured by the hand lay-up
ethod. The granulometry used was that of residues that passed
hrough 10–27 mesh sieves (0.6–1.7mm), 520g in weight, at a
0/50 endocarp/wood proportion of each residue. The weight rela-
ionship between the resin and the ﬁller was 65/35; that is, 65% of
esin and 35% of ﬁller, the ratio used for the manufacture of 480g
f resin and 260g of residue. With respect to weight, 310g of glass
bers was deposited onto 1.0m2 of each layer.Fig. 1. (a) Conﬁguration illustrating the hybrid sheet. (b) Specimen of the FGRP
hybrid sheet.
Final mean sheet thickness was 8.0mm. It was cured at ambient
temperature and then separated into dimensions of 50 cm×50 cm
and then cut into specimens. Fig. 1a shows the schematic the con-
ﬁguration and Fig. 1b illustrates a specimen from themanufactured
sheet.
2.4. Characterization tests of dry endocarp
The X-ray diffraction test was performed using the powder
method with grain size below 50m, scan between 5◦ and 60◦,
copper tubing and voltage and current of 30.0 kV and 30.0mA,
respectively. The same test conditions were adopted for the dwarf
and giant endocarp.
Thermogravimetric analysis (TGA) aimed at assessing mass loss
with the variation in temperature for both types of endocarp and
determining if they degrade in a similar fashion. The TGA-50H
detector was used in the TGA test, at an ambient air temperature,
ﬂow rate of 50.0ml/min, temperature rate of 10 ◦C/min, in a range
between 0 ◦C and 500 ◦C.
The main use of DTA was to detect the initial temperature of the
thermalprocesses andqualitatively characterize themasendother-
mic or exothermic, reversible or irreversible, ﬁrst order or second
order transition, etc. The result of DTA analysis is shown on a ther-
mal curve that represents the temperature or time differential and
records the energetic phenomena developed during the tempera-
ture variation process imposed on the sample ASTM, 2000.
The DTA test was deﬁned for the following conditions:
• Temperature range – 0 ◦C to 500 ◦C
• Atmosphere – ambient air
• Heating rate – 10 ◦C/min
• Weight – 27.90mg for the dry endocarp and 36.30mg for the
giant endocarp.
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Table 1
Specimen dimensions for the moisture absorption test in mean values.
Test Dimensions Amount
W (mm)a SDb Lc (mm) SD Td (mm) SD
Absorption 26.67 0.336 74.63 1.335 8.08 0.253 05
d
t
s
m
2
h
i
c
e
g
d
n
2
2
o
p
f
w
w
i
3
t
t
e
d
d
t
a
3
3
e
p
a
a
T
D
W
L
65605550454035302520151050
0
50
100
150
200
250
300
350
IN
T
E
N
S
IT
Y
 ENDOCARP (DWARF)
 ENDOCARP (GIANT)
sisal were chemically treated. The differences were represented by
the crystalline and amorphous phase peaks.
Thermogravimetric analysis (Fig. 3a and b) indicates that the
endocarps exhibit the same behavior in terms of the degrada-
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5b
aa Width.
b Standard deviation.
c Length.
d Thickness.
The micrographic study aimed at determining the existence of
ifferences between endocarp microstructure, which would make
heir joint use in this study impossible. The samples were cleaned,
moothed and polished before the testswere conducted. An optical
icroscope was used in this study.
.5. Moisture absorption test
Becauseof thepossibility ofusing thehybrid sheet in excessively
umid environments, such as industrial tubing and reservoirs, it is
mportant to know its mechanical behavior under these adverse
onditions. Accordingly, a preliminary moisture absorption test is
ssential. This enabled better understanding of these properties,
iven that the absorption index in the saturated state is previously
eﬁned. The moisture absorbance test in the hybrid sheet followed
orm ASTM D570-96. Table 1 shows the specimen dimensions.
.6. Mechanical tests
.6.1. Tensile strength and three-point bending
Thepurpose of these tests is to analyze the strength and stiffness
f the hybrid sheet submitted to axial traction loads and three-
oint bending. The tensile strength and three-point bending tests
ollowed ASTM D790-96 and ASTM 3039-00 guidelines and both
ere performed for the dry and saturated moisture state. The tests
ere carried out using a Shimadzu AG-1, 100kN universal test-
ng machine, with a velocity of 1mm/min for tensile strength and
.8mm/min for the three-point bending test. Eight specimenswere
ested, and 5 with fractures inside the gauge were selected for each
ype of test. The specimens were cut using a circular diamond-
dged saw and then trimmed, smoothed and polished. The ﬁnal
imensions are shown in Table 2. The mechanical properties were
etermined from the equations in ASTM standards for each type of
est. The elasticity modulus was calculated in the direction of load
pplication.
. Results analysis
.1. Endocarp characterizationComparative diffractometry (Fig. 2) between the two types of
ndocarps shows no difference between dwarf and giant endocarp
roﬁles. It also shows the presence of two distinct phases. One is
n indication of the crystalline phase and the other suggests an
morphous phase for both types of endocarps. The latter is likely
able 2
imensions of the specimens for uniaxial and three-point bending tests.
Test Dimensionsa Span or gauge Amount
W (mm) SD T (mm) SD L (mm)
Tensile uniaxial 25.50 0.56 10.47 0.52 127.00 05
3-Point bending 14.09 0.147 9.58 0.231 145.00 05
=width of the specimen; SD= standard deviation; T= thickness of the specimen;
= gauge.
a Mean values.2TETA(GRAUS)
Fig. 2. Comparative diffractogram between the dry endocarps.
due to the presence of lignin and hemicellulose and the former
to the presence of cellulose, substances commonly found in cellu-
losic materials (Klock et al., 2005). It is interesting to observe that
Tanobe et al. (2005) also found similar diffractograms, but show-
ing a luffa cylindrical or sisal-based polyester biocomposite with
an amorphous and crystalline phase even though the luffa and the0 100 200 300 400 500
0
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Fig. 3. (a) Thermogravimetric curve: dry dwarf endocarp. (b) Thermogravimetric
curve: dry giant endocarp.
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Table 3
Comparative analysis of mass loss as a function of temperature among the dry
endocarps.
Dwarf endocarp Giant endocarp
Mass loss Temperature range (◦C) Mass loss Temperature range (◦C)
(mg) (%) (mg) (%)
0.040 1.03 0–30.42 0.002 0.056 0–39.26
0.295 7.57 30.66–225.26 0.318 8.91 39.26–223.76
1.889 48.47 225.26–338.26 1.902 53.28 223.76–334.82
0.637 16.35 338.26–410.93 0.694 19.44 334.82–418.91
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No exothermal or endothermal peakswere observed on theDTA
curve with respect to the temperature range of lignin degrada-
tion, indicated by the TGA curve. It can also be observed that the
exothermal peaks suggest that both dry dwarf and dry giant endo-
Table 4
Comparison between TGA and DTA for the dry endocarps (Pag.7).
TGA curve DTA curve
Temperature range(◦C) Reactions
Giant endocarp Dwarf endocarp
39.26–96.39 30.42–98.51 Exothermal (adsorbed water)
96.39–223.76 98.51–225.26 Exothermal (without signiﬁcant mass
loss)
223.76–334.82 225.26–338.26 Exothermal (hemicellulose)
334.82–418.91 338.26–410.93 Exothermal (cellulose)0.878 22.53 410.93–424.93 0.422 11.82 418.91–451.87
0.158 4.05 424.93–497.37 0.232 6.50 451.87–499.7
ion action resulting the progressive temperature increase. Table 3
hows a comparison of mass loss variation between the two types
f dry endocarps and the respective temperature range.
The ﬁndings show that degradations of both dry dwarf and dry
iant endocarpoccur inﬁvedistinct stages. These stages aredirectly
elated to Fig. 3a and b, and to the result obtained by XRD; that is,
here the amorphous and crystalline phases are identiﬁed for both
ases. However, these stages occur in different ways for both mass
eduction and the temperature range associated to these losses,
hen the two types of dry endocarps are compared.
Thus, Fig. 3 and Table 3 show that dry dwarf endocarp starts
o lose mass at a temperature of 30.42 ◦C and mass of 3.896mg.
peak is reached at 98.51 ◦C, where mass decreases to 3.601mg,
emaining constant until 225.26 ◦C. At this temperature it loses
ass rapidly up to 338.26 ◦C and 1.721mg. Above 338.26 ◦C the
oss is continuous, but slower than in the previous range.
When the temperature reaches 410.93 ◦C, the mass is 1.075mg
nd there is a large loss of mass for a small increase in temperature,
hich is now 424.95 ◦C. At this point, the mass is 0.197mg. The
ample continues to lose mass, but at a slower rate, until reach-
ng a temperature of 497.37 ◦C, where mass is 0.039mg. At this
emperature, practically all the material was consumed in the test.
For the giant encocarp, Fig. 3b and Table 3 show that the onset of
ass loss occurs at 39.26 ◦C and mass of 3.702mg until a tempera-
ure of 96.39 ◦C,where the thermometric curve starts to peak. From
his point, loss ofmass is practically constant, forming a peak on the
ravimetric curve, with a temperature increase up to 223.76 ◦C and
ass of 3.384mg.
Above this temperature the endocarp starts to lose mass more
apidly, going to 1.482mg at a temperature of 334.82 ◦C. A less pro-
ounced loss thenoccurs up to a temperature of 418.91 ◦Candmass
f 0.788mg. At this temperature the endocarp starts to lose mass
apidly with a small rise in temperature to 451.87 ◦C and mass of
.366mg. Finally, after mass reaches 0.134mg at a temperature of
99.7 ◦C, the test was concluded.
The results obtained show that degradations of both dry dwarf
nd giant endocarp occur at the ﬁve different stages illustrated in
ig. 3a and b. However, these stages occur differently for both the
ase of reducedmass and the temperature range associated to these
osses, when the two types of dry endocarp are compared. This
ay be related to the nature of the components that make up the
oods, and low molecular weight minority components, extrac-
ives and mineral substances, which are generally more related to
he wood of certain species, in the type and amount of cellulose,
emicellulose (polyoses) and lignin, Siimer et al. (2006).
Differential thermal analysis (DTA curves) of the endocarps,
epicted in Fig. 4, show that both displayed the same behavior
nder the test conditions adopted. The endocarp degradation illus-
rated by the TGA curve for both types of endocarp may be related
ith the DTA curve for each type. The following was observed in
he DTA of dry giant endocarp:Temperature (ºC)
Fig. 4. Comparative DTA curve.
• In the temperature range between 39.29 ◦C and 96.39 ◦C the
DTA exhibits the ﬁrst exothermic peak related to the release of
adsorbed moisture with a consequent increase in sample tem-
perature compared to the test reference value;
• The range between 96.39 ◦C and 223.76 ◦C on the TG curve rep-
resents the peak of the curve, where there is no signiﬁcant mass
loss; however, a wide, gentle exothermic peak occurs on the DTA
curve, which may be associated with the presence of unstable
oxidative fragments of cellulose;
• The temperature range between 223.76 ◦C and 334.82 ◦C on the
TG curve represents the exothermic peak on the DTA curve, indi-
cating degraded hemicellulose and its derivatives, as shown in
the TG curve presented previously;
• On the DTA curve the fourth endothermic peak represented on
the TG curve by temperatures between 334.82 ◦C and 418.91 ◦C,
indicates cellulosedegradation. This is themaximumpeak,which
shows the greatest heat release;
• At temperature ranges between 418.91 ◦C and 451.87 ◦C and
451.87 ◦C and 499.7 ◦C on the TG curve exothermic and endother-
mic peaks occur on the DTA curve under the test conditions.
Table 4 showsmass losses and the thermal processes generated,
characterized as exothermal. The DTA of the dry dwarf and dry
giant endocarp exhibit the same proﬁle, indicating that there is no
difference between the dry endocarps when submitted to the same
test conditions. Both proﬁles display the same baseline behavior
and likely have the same heat capacity (Shopova et al., 1997), and
mayalso exhibit the samevitreous transitionbehavior, Aquinoet al.
(2007).418.91–451.85 410.93–424.93 There is no occurrence of exothermal
or endothermal peaks
451.87–499.70 424.23–497.37 There is no occurrence of exothermal
or endothermal peaks
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Fig. 5. Moisture absorption diagram up to the saturation stage.
arp samples showed the same behavior when compared to the
eference sample of the DTA test; that is, the samples had increased
emperatures, and continuously released the heat generated until
he end of the test. This is likely due to the behavior of some ligno-
ellulosic materials used to generate thermal energy, as is the case
or dry coconut endocarps, Shopova et al. (1997) andOdochian et al.
2007).
The internal structures to both endocarps are formed by indi-
idual cells that cluster and conform themselves to circular and
longated shapes and are immersed in a component that ensures
he cohesion and stiffness of the dry endocarp. This cohesion may
riginate in the lignin itself, but this question is beyond the scope
f the present study.
.2. Moisture absorption test
The moisture absorption curve obtained for the hybrid sheet is
llustrated in Fig. 5. It shows the characteristics of the initial lin-
ar behavior, followed by a steady decrease in the absorption rate
slope of the curve), leading to stability (saturation). The total time
or moisture saturation was 392 days and the maximum percent-
ge was 2.83%. This behavior has the same characteristic curve of
osthybrid andnon-hybridpolymer laminatedcomposites,mean-
ng that the hybrid ﬁller created has a similar behavior in terms of
oisture absorption. It should be pointed out, however, that the
bsorption content is low when compared to lignocellulosic ﬁber-
ased polymer composites (Silva et al., 2009; Aquino et al., 2007).
his is likely due to the behavior of the lignin and of the hybrid
heet conﬁguration; that is, with continuous strands and E-glass
ber mats in the outer layers.
.3. Mechanical properties
.3.1. Tensile strength – saturated moisture and dry states
The tensile test was applied to the specimens longitudinally
parallel) to the continuous glass ﬁber (roving). This allows the
ction of the load applied to act as reinforcement in order to make
aximum use of its load support capacity. Fig. 6a and b show the
tress–strain diagrams of the tested specimens for the dry and sat-
rated moisture states. For the two states, the material exhibited a
endency toward linear behavior between stress and strain.This characteristic is important when modeling the behavior
isplayed during traction loading, mainly with respect to calcu-
ating interlaminar stress. This is also a unique characteristic of
lass ﬁber-based polymer composites,meaning that the purpose of
he hybrid ﬁller is not to support the applied load (reinforcementFig. 6. (a) Stress–strain diagram: dry state. (b) Stress–strain diagram: saturated
moisture state.
responsibility), but rather to inﬂuence stiffness through thickness
control.
The fact that the moist sheet maintains this characteristic is due
to its low moisture absorption percentage. Furthermore, it can be
observed that the action of water during the moisture absorption
test does not generate hybrid composite degradation, given that
the results point to this tendency, which is corroborated by the
absorption result shown in the previous item.
Another factor that may have inﬂuenced the diagram proﬁle,
keeping it linear in both cases, is the fact that the hybrid ﬁller, in
the speciﬁc case of the dry endocarp, did not undergo the intumes-
cence process that normally occurs in lignocellulosic ﬁbers, causing
swellingandalterations in theirdimensionsandconsequentdeteri-
oration. This fact limits the mechanical properties in composites in
general (Shopova et al., 1997). However, the part of the hybrid ﬁller
that would inﬂuence the mechanic behavior of the hybrid compos-
ite currently under study, is the part of the wood residue used in
this work. Given that it is dispersed along with the dry endocarp,
it produces a smaller surface area than if it was alone in the hybrid
set, resulting in less moisture absorption by this component, Singh
et al. (1995).
Table 5 shows the comparison between the mechanical prop-
erties obtained in the tensile strength tests of the hybrid sheet in
the dry and moist states. The values presented the mean values of
the properties determined in the tests, as well as their respective
dispersions.
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Table 5
Comparison between the dry and saturated moisture states – tensile strength and
parameter dispersion.
Parametersa Dry state ADb (%) Moist state ADb (%) Variation (%)
Tensile strength (MPa) 173.65 9.9 156.11 7.94 −10.10
Elasticity modulus (GPa) 2.45 10.08 2.34 12.18 −4.5
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a Mean values.
b Absolute difference.
The reduction obtained for the longitudinal elasticity modulus
n tensile uniaxial under a situation of moisture saturation in the
ry condition was only 4.5% and the variation in ﬁnal strength was
0.10%.
Another aspect to consider is the stress level obtained in the
ests in both the dry and moist states. These stresses are higher
han those of a number of hybrid composites with lignocellulosic
aterial ﬁller. This is likely due to the good adhesion between the
ybrid/matrix/ﬁber ﬁller, since it is compromised the lignocellu-
osic ﬁbers, Yang et al. (2006), Bergander and Salmén, 2002, mainly
hen immersed in aqueous medium. Thus, the proposed conﬁg-
ration is suitable in both dry and moist medium, maintaining a
elatively low variation for the properties presented.
Analysis of the high elongation values found in the hybrid sheet
hows that they are due to the long rupture process, since the ﬁnal
racture is only determined with the rupture of continuous strands
n the central layer.
.3.2. Three-point bending – dry and saturated moisture state
The mechanical behavior of the hybrid sheet during three-point
ending loading, like that of tensile uniaxial, showed linearity
etween stress and deﬂection up to the process of initial dam-
ge, followed by a certain inclination in the curves characterized
y the predominance of viscosity up to ﬁnal fracture. This fact was
ecorded for both the dry and saturated moisture state.
The stress×deﬂection diagrams are shown in Fig. 7a and b for
he dry and saturated moisture states, respectively. The graphs
howthat thebendingstress in thedry stateexhibited lowerdisper-
ion values in the tests, in addition to higher stress and deﬂection
alues than those obtained in the saturated moisture state. Results
f the comparative study of the inﬂuence of moisture absorption
n three-point bending are found in Table 6, which shows mean
alues and their respective dispersions.
The data in Table 6 show that the dispersion for the elasticity
odulus is greater in themoist state than in thedry state and for the
therparameters it is practically unchanged. Thus, Table6 indicates
he effect of water absorption on the hybrid sheet, suggesting that
he effects are more marked for the elasticity modulus than for the
ther properties; that is, strength to bending and rupture deﬂec-
ion. In the case of deﬂection and strength to bending, the variation
bserved, even for the low moisture absorption values found in the
ests, is likely due to the nature of the ﬂexor moment acting on the
nner sections of the sheet in the lignocellulosic materials.
The ﬂexural moment produces normal traction and compres-
ion tensions in the acting binary composition. Thus, for the load
pplied, both above and below the neutral line, we have the pres-
able 6
omparison between the dry and saturated moisture states in three-point bending.
Parametersa Dry state ADb (%) Moist state ADb (%) Variation (%)
Bending strength (MPa) 292.39 14.01 242.56 17.33 −17.04
Elasticity modulus (GPa) 11.01 3.93 10.75 10.15 −2.36
Deﬂection (%) 7.42 14.56 5.99 13.60 −19.27
a Mean values.
b Absolute difference.DEFLECTION(%)
Fig. 7. (a) Stress×deﬂection curve in three-point bending: dry state. (b)
Stress×deﬂection curve in three-point bending: saturated moisture state.
ence of these tensions in thehybridﬁller, characterizedby the inner
layers of the material. This reinforces the fact that both lignin and
hemicellulose resist transversal forces well, Rozman et al. (2000).
Thus, the cell walls undergo fewer structural alterations as a result
of these forces. The endocarp-rich regions may resist compression
well owing to the high amount of lignin, Rao and Rao (2007).
The traction region would be inﬂuenced by the cellulose and
therefore, the region with a high amount of wood derivative and
furniture residue would better resist the traction forces. Thus, the
balance between themixtures in the region,whether in the traction
or compression layer, would determine the hybrid sheet behavior
as a result of the transversal loading action in the bending test,
Aquino et al. (2005). One factor that may signiﬁcantly alter this
behavior is the presence of water inside the sheet layers studied by
Alvarez and Vázquez (2004). However, the results of the moisture
absorption tests in the hybrid sheet, with respect to the action of
distilled water, showed low absorption content, collaborating with
the hybrid sheet performance, mainly for the elasticity modulus in
bending.
3.4. Comparison between the mechanical properties
Global analysis of the simultaneous inﬂuence of load type and
moisture absorption show greater strength and stiffness in three-
point bending over tensile strength, both for the dry and saturated
moisture state. Furthermore, there is little inﬂuence from moisture
in these properties, mainly for tensile loading, both with respect to
strength and the elasticity modulus.
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The mean values obtained show that three-point bending
trength was 46.5% and 38.5% greater than tensile strength for
he dry and moist states, respectively. With respect to the elastic-
ty modulus, three-point bending strength was 78.15% and 79.35%
reater for these same states. The hybrid ﬁller was present in the
mproved composite stiffness, mainly with regard to the bending
oads.
. Conclusions
1) The ﬁrst conclusion concerns the characterization of the endo-
carps assessed. It can be concluded from the tests performed
(XRD, TGA, DTA and micrographic), that the endocarps show
no composition differences that could alter the properties ana-
lyzed. This conclusion is extremely important, because itmeans
that the endocarps canbeusedasﬁllerwithout theneedof prior
selection.
2) With respect to the moisture absorption of the hybrid sheet,
it was found that the values were below 3%, which is consid-
ered low when compared to some lignocellulosic ﬁber-based
laminated composites used as ﬁllers and/or reinforcement.
3) The mechanical behavior of the hybrid sheet as a result of
uniaxial-traction loading showed linearity both in the dry and
saturated moisture state.
4) The inﬂuence of moisture on the mechanical behavior of the
hybrid sheet showed that it had good stability, given that the
results revealed no large variations (Table 4).
Accordingly the alternative conﬁguration created in this study,
sing ﬁberglass-reinforced plastic (FGRP) under the test conditions
dopted, indicates that it was suitable, given its stability in the
ensile strength tests for the dry and saturated moisture states.
owever, amore thorough studyof thegeometry andof other types
f loading is needed to form a conclusive and deﬁnitive opinion
bout the use of industrial tubing.cknowledgement
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